Prevention and Treatment of Motion Sickness
By E. M. GLASER, M.C., Ph.D., M.D., M.R.C.P. London MOTION sickness is unique among all illnesses that afflict man. In common with childbirth (which is not normally considered an illness), it can cause complete temporary incapacitation without any pathological basis and entirely by reflex mechanisms, though unlike childbirth it serves no obvious purpose at all. In common with childbirth, also, motion sickness excels in the variety of useless procedures advocated for its prevention. Not only has every substance with a known pharmacological action been tried at some time or other for the prevention and treatment of motion sickness, but almost everything that can be swallowed (Brit. med. J., 1952) , as well as quite a few substances which ought not to be swallowed. Creosote (Maddock, 1837) , a mixture of vinegar and salt (Lancet, 1843) and a mixture of hydrocyanic acid, nitric acid, hydrochloric acid, and magnesium sulphate (Hocken, 1861) take pride of place among nineteenth century treatments, but even quite recently a pill has been advertised in this country which contained among other things minute quantities of petroleum and nicotine, while a writer in a medical journal has seriously suggested that chewing gum might be beneficial (Monto, 1947) . Not so long ago brandy, gin, or champagne, pilocarpine, ergotamine, belladonna and luminal were all advocated, together with several other substances, in one paper (Hill, 1936) , and others advised bizarre procedures, such as salt water baths (Bennett, 1928) , tight compression of the neck (Genee, 1924) , packing of ears with cottonwool (Lemon, 1919) , or injections of sodium bicarbonate (Hasegawa, 1949) . However, pride of place among all remedies must go to a mid-Victorian one containing horseradish and flavoured with red herrings (Brit. med. J., 1862).
The Reflex of Motion Sickness
There have been recent reviews on this subject by Borison and Wang (1953) and Chinn and Smith (1955) .
The receptors from which the reflex of motion sickness originates are undoubtedly in the vestibular apparatus of the ear. This was NOVEMBER suspected by Purkinje in 1820 and much evidence has been collected about it since. Deaf-mute people or patients suffering from Meniere's syndrome do not develop motion sickness, nor do dogs after destruction of their vestibular apparatus. It has also been known for a long time that the reflex stimulus is linear acceleration, especially in the sagittal plane, and this was first suggested in 1875 by Wilks when lifts were a new invention. A few years later Irwin (1881) suggested the term "motion sickness", for he knew that the sickness was the same, whatever the cause of the acceleration. Irwin had probably seen motion sickness elsewhere than in lifts and at sea, even though motor cars and aeroplanes did not exist then; in our time royalty are said to have commented that state coaches swayed uncomfortably, and an old lady has recently told me that she was always sick as a child some sixty years ago when travelling to Scotland by express train.
We know now that the receptors for motion sickness are in the vestibular apparatus, chiefly in the utricle, where the otolith, like a little pebble, rests upon hairlike nerve receptors-an organ exquisitely suited to record linear accelerations. Of course, the vestibular apparatus normally serves ordinary postural reflexes, but there is a complex reflex pathway for motion sickness involving the cerebellum and the brainstem, and there must be pathways to the cerebral hemispheres transmitting the sensation of nausea. The efferent fibres cause relaxation of the stomach, contractions of the duodenum, and sharp contractions of the abdominal muscles, accompanied by closing of the glottis and opening of the mouth, which leads to the emission of gastric and duodenal contents. This reflex vomiting is, of course, the essential process of motion sickness, but nausea usually precedes vomiting and it is an integral part of motion sickness. Once in a while explosive vomiting may come before nausea, but at some stage or other nausea is always present. In 300 men who were exposed to motion sickness some 1,600 times we have found that those who were seen 54 Sectional page 21 June 4, 1959 to vomit by trained observers always reported having felt nausea. About 20% of untreated people exposed to severe wave motion for periods of about one hour feel sick without actually vomiting or retching (Glaser and Hervey, 1951, 1952; Glaser and McCance, 1959) . Relief from nausea should thus be part of the treatment of motion sickness. Other symptoms, especially dizziness, sleepiness and headache, are more frequent in people suffering from motion sickness than in people who are not sick, irrespective of treatment given, but these symptoms can be confused with side-effects of drugs (Glaser, 1953) and they can be caused by anxiety or by the arousal of interest in such symptoms (Glaser and Whittow, 1954) , so that they cannot be considered an integral part of the specific reflex of motion sickness. Equally sweating and diarrhoea, which often precede or accompany vomiting, are not specific, but probably a result of generalized central nervous excitation. As in all complex reflexes, impulses from different parts of the body may contribute to motion sickness. It is well known that movements of the eye muscles or of the muscles supporting the body can aggravate motion sickness, and it seems probable indeed that the very basis of motion sickness is a divergence of information from different sensory afferents (Walsh, 1957) , though the distortion of visual images may play some part in causing symptoms (Miller and Goodson, 1958) . Smells seem to make motion sickness worse, and so can anxiety. The effects of interest and anxiety upon reflex responses are not fully understood, but there is evidence that responses and habituation of responses can both be modified by activities of the brain (Glaser et al., 1959) . Everybody who has had experience of motion sickness knows how it can stop while a person suffering from it is occupied and how it gets worse when there is nothing to do except worry.
Meeting
Many reflexes are modified by repeated usage of the reflex pathways. There is indeed experimental evidence that reflex pathways are facilitated by usage (Eccles, 1953) and it is possible that people may acquire the habit of being sick, so that whenever they travel on a given type of transport they suffer from nausea or vomiting. It is known also that reflexes can be conditioned, which means that they are elicited by stimuli other than the normal reflex stimulus. Thus a person who has often been very sick from the motion of a ship may become sick again at the sight or smell of a ship.
Habituation
Fortunately facilitation of motion sickness by previous experience is rare, and there is a more important mechanism, habituation, which consists of a diminution of responses to repeated or continued stimuli, probably through facilitation of inhibitory pathways which have been extensively used. This helps to bring about some improvement in most people after repeated or prolonged exposures to wave motion (Hill, 1936; Hill and Guest, 1945; Glaser and Hervey, 1952; Glaser and McCance, 1959) . Evidence obtained in controlled experiments suggests the possibility that habituation to motion may take place even if sickness is inhibited by drugs.
Habituation must play an important part in reducing motion sickness among those who travel much on various forms of sick-making transport, and it seems possible also that habituation is the reason why young people are generally more prone to motion sickness than older ones and children more than grown-ups. The older we are, the more likely we are to have experienced a thing before; the more often we have experienced a stimulus, the less likely are we to produce an excessive response. There are of course other processes of ageing, but one phenomenon of maturity is a gradual lessening of the violence of one's responses, and habituation must play some part in this (Glaser, 1958) . Experimental habituation to various stimuli probably wears off after several days or a few weeks, and the ability to habituate varies in different people, but if a person has frequently become habituated to a stimulus he is likely to retain at least an increased facility to habituate to it again. The process resembles learning (Glaser and Whittow, 1957; Glaser, 1958) . Anything once learnt and soon forgotten is learnt more easily next time, and anything that has been often learnt is unlikely to be forgotten again. Thus, each habituation may help to achieve the next, and eventually habituation could persist for long periods.
Unfortunately, however, habituation is highly specific, so that it takes place only with regard to a precise stimulus (Glaser et al., 1959) . It follows from this that habituation to one kind of motion will not necessarily protect against another kind of motion, and indeed habituation to swings was shown to give no protection at sea (Gibson et al., 1944) . Herein lies perhaps the explanation why people who are used to the short-period accelerations of small ships are sometimes sick on large ones which oscillate at longer periods and accelerate and decelerate at different rates. Similarly those who are good sailors on large ships, often find themselves sick on small boats or in aeroplanes.
Prevention and Treatment Based on Physiological Mechanisms
An understanding of the physiological mechanisms which have just been discussed suggests several ways of inhibiting motion sickness. Obviously those who favour lying in one's bunk and those who favour standing up on deck are both right, since lying down will reduce vestibular stimulation, while standing up and looking at the sky or the horizon will accelerate habituation and reduce visual distortion. Equally, of course, both these views are wrong, because lying down will prevent habituation while standing up will facilitate nausea and vomiting. The best method on sea journeys is to do both and to take a pill as well. The procedure which seems the most logical to me is to take a pill when the sea is rough and lie'down until it is taking effect, but to go on deck as soon as possible in order to become habituated. From what is known about the influence of the brain on reflexes, it follows also that interesting activities can help to prevent motion sickness by drawing the patient's attention away from his symptoms. Conversely, anxiety, or various other stimuli which would not normally cause vomiting, may trigger off the reflex when the motion alone would not have been enough for this: the smell of burnt fat on a ship, or the sight of a swaying curtain on an aeroplane, or the offer of a squashed cream bun on an alpine bus, can produce sudden explosive vomiting in people who until then have successfully fought their sickness.
Habituation cannot help those who are highly susceptible but who travel rarely and for short periods only. Fortunately under such conditions prevention of motion sickness by drugs is effective (see below), but there could be another approach to this problem. Since people are less liable to be sick when they are lying down and happy and interested than if they are standing up and anxious or bored, it might be possible to prevent motion sickness on steamers crossing the Irish Sea or English Channel, or carrying troops on invasion exercises across narrow rough waters, by making people lie down while their attention was held by cinema or television screens placed horizontally along the ceiling or along both sides of the hold. If it worked, this could counteract the disadvantages of using drugs on short journeys, namely side-effects persisting after the motion has ceased. Drugs Therapeutic tests are always difficult but never more so than in the study of motion sickness. For short exposures adequate techniques exist, beginning with the classical controlled trials of Holling et al. which were carried out early in the last World War and published in 1944. More recent tests include complete crossing over, so that each drug is given in turn and in random order to every subject, and careful control of every detail, down to the subjects' food and previous activities (Glaser and Hervey, 1951, 1952; Glaser and McCance, 1959) . For long journeys the design of experiments is more difficult still, and it is probably true to say that there have been no wholly satisfactory experiments under those conditions. A crucial problem in all tests of remedies for motion sickness is the time which must elapse between administration of drugs and exposure to motion. In our experiments involving short exposures to wave motion, care was taken that all drugs should be at their peak action (Glaser and Hervey, 1951; Glaser and McCance, 1959) , but in experiments on long journeys it was sometimes doubtful whether drugs which take a long time to act were given early enough to be effective at the beginning of the journey, or whether drugs which have a short action protected the subjects during the whole of the journey. In certain cases there is clear evidence that certain drugs could not have been effective for such reasons. Thus in experiments on troopships (Report, 1956) in which 16,920 tests were conducted by 21 authors testing 26 treatments, no drug which is eliminated or detoxicated within twelve hours could have had any effect at all, because drugs were given on sailing and at mealtimes, so that only those subjects who had taken a long-acting drug on the previous night were protected before and during the morning meal, when people are the most likely to be sick.
Another possible source of error is the variability of wave motion. Except in experimental tanks or on swings the wave motion can never be quite constant, but careful design can ensure that within one experiment the effects of variable wave motion should be equally distributed (Strickland et al., 1950; Glaser and Hervey, 1951; Chinn et al., 1952 Chinn et al., , 1953 Report, 1956 ). However, when the motion is mild, the difference between the most effective and less effective drugs can be hidden, since a comparatively ineffective drug, or a comparatively small dose of an effective one, may be enough under such conditions. Thus, in order to interpret the results of experiments, it is necessary to know how severe the wave motion was. In recent years experiments on motion sickness have frequently included data about the accelerations and the oscillations met (Glaser and Hervey, 1951, 1952; Chinn et al., 1952; Shaw, 1954; Glaser and McCance, 1959) , but it is often difficult to interpret results without such data. When the number of subjects who are sick after having taken a dummy substance is small, the possibility must always be admitted that the wave motion was not severe enough to show up differences between less and morc effective drugs. This casts further doubts on experiments involving 15 Atlantic crossings (Report, 1956) in which some drugs were tested only when the incidence of vomiting among those receiving a dummy was comparatively low. Thus 15 % of controls were sick when hyoscine was tested, 21 % on all trips and 44% on one trip.
A further difficulty follows from what has just been said. On long journeys in large ships the wave motion is frequently mild, or during part of such journeys people may be habituated to motion. Under those conditions they may indeed be better off with a milder form of treatment than with powerful medication. There is reason to believe that all remedies for motion sickness owe their effect to a hyoscine-like central nervous action (Bain, 1952; Glaser, 1953) , and that the effectiveness of a drug in the presence of wave motion is directly related to this hyoscine-like action. There is clear evidence also that the most powerful remedies have the fewest side-effects in the presence of sharp wave motion (Glaser and Hervey, 1951, 1952; Chinn et al., 1953; Glaser and McCance, 1959) but that once the motion ceases the best remedies for motion sickness have the most side-effects (Glaser, 1953) . It seems reasonable to conclude that strong remedies may have a similar effect when the motion is mild to that when there is no motion at all (Glaser, 1955) ; thus in the presence of mild wave motion or in people who are accustomed to the motion, powerful drugs might give rise to side-effects.
It is pertinent to ask, then, whether any clear recommendations can be made about the prevention and treatment of motion sickness. For short exposures 0 6-1 mg. of hyoscine hydrobromide is without any doubt the best remedy when the motion is sharp or the susceptibility of the patients high. By short exposure is meant a period covered by a single dose of the drug, or anything up to four to six hours. There are few therapeutic recommendations in the whole field of medicine which can be made with such confidence, as there is no drug now in general use which has not been significantly less effective under such conditions than 0 6-1 mg. of hyoscine (Holling et al., 1944; Hill and Guest, 1945; Tyler, 1946; Strickland et al., 1950; Chinn and Oberst, 1950; Glaser and Hervey, 1951, 1952; Chinn et al., 1953; Glaser and McCance, 1959) . Surprisingly, perhaps, since the evidence is so overwhelming, disagreement is constantly being expressed with this conclusion. Thus, when promethazine was found to be less effective than hyoscine, it was suggested that giving promethazine one and a half to two hours before exposure to motion was not enough to allow complete absorption of promethazine though the drug was taken three hours after a light meal (Bethell,1951) . When meclozine hydrochloride was found to be completely ineffective in doses of 25 mg. it was claimed that one and three-quarters to two hours was not enough for absorption of that drug four hours after a light meal (Chemist and Druggist, 1959) , though even one hour is probably enough between the taking of meclozine and exposure to motion (New and Nonofficial Drugs, 1958) . Hyoscine hydrobromide 1 mg. was found to give significant protection if taken only five to ten minutes before exposure to motion (Glaser and Hervey, 1952) , and it is unlikely that other drugs should not be absorbed two hours after being taken on an empty stomach.
Claims have also been made that hyoscine hydrobromide in doses of 06-1 mg. gives rise to side-effects, but controlled experiments have invariably shown that in the presence of wave motion hyoscine causes fewer side-effects, apart from dryness of the mouth, than any other substance, fewer even than lactose dummies (Strickland et al., 1950; Glaser and Hervey, 1951, 1952; Chinn et al., 1953; Glaser and McCance, 1959) .
My colleagues and I have given hyoscine hydrobromide in doses of 0-75-1 mg. both on land and in the presence of wave motion about 600 times, while the literature contains records of about 1,500 subjects who had been given 0-6-1 2 mg. of hyoscine hydrobromide without any illeffect (see Glaser, 1955; Glaser and Newling, 1955; Glaser and McCance, 1959) . Payne and Hauty (1953) and Payne and Moore (1955) found no more impairment of performance after 0 65 mg. of hyoscine hydrobromide than after a dummy or after motion sickness remedies of the antihistamine type, and even 1 2 mg. of hyoscine was found not to hamper skilled performance (Holling et al., 1944) .
Continued administration of hyoscine hydrobromide for four days in doses of 2 mg. on the first day and 1-5 mg. daily thereafter was found to have no ill-effects in healthy people on land in a controlled experiment in which all observed data were reported (Glaser, 1953) ; this was contradicted in experiments at sea, though without giving complete quantitative data (Handford et al., 1954; Report, 1956) . But few people need treatment at sea for many days because useful remedies allow habituation (see above), and illeffects from continued administration of hyoscine are thus hypothetical in any case. Various antihistamine substances have been useful, but not all are effective against motion sickness. Such effectiveness is not related to histamine antagonism but, as has been already suggested, to an incidental hyoscine-like action.
The first antihistamine substance to be given against motion sickness was probably mepyramine maleate (Anthisan) (McEvedy, 1949) , but dimenhydrinate (Dramamine) was the first to be widely hailed as a new advance in the prevention and treatment of motion sickness (Gay and Carliner, 1949a, b) . Dimenhydrinate is the 8-chlorotheophyllinate of diphenhydramine hydrochloride (Benadryl), and both these salts, in doses ranging from 25 mg. of the hydrochloride to 100 mg. of the 8-chlorotheophyllinate have been found to be significantly less effective than hyoscine hydrobromide 0 6-1 0 mg. at sea and in the air (Strickland et al., 1950; Chinn and Oberst, 1950; Glaser and Hervey, 1951; Chinn et al., 1953) , while causing greater disturbance of co-ordination and performance (Payne and Moore, 1955 ).
An undoubtedly effective drug is promethazine hydrochloride (Phenergan) in single doses of 25 mg. (Glaser and Hervey, 1951; Chinn et al., 1953) . It has also been effective on long journeys in two or three daily doses of 25 mg. (Report, 1956) , though under the conditions of those experiments this was partly due to its comparatively long action (see above). Smaller doses of promethazine may be used, but giving more than 25 mg. does not help (Glaser and Hervey, 1952) . Promethazine -8 -chlorotheophyllinate (Avomine) is also used, but the theophyllininate is insignificant in amount and is ineffective against motion sickness even in larger doses.
More recently cyclizine hydrochloride (Marzine) has been tested in doses of 50 mg., and it provides significant protection in people who are already slightly habituated to the motion, though it appears to be ineffective on first exposure to sharp wave motion (Glaser and McCance, 1959) . Thus its value may be the greatest when powerful medication is not needed.. It too has a moderately long duration of action and it was thus effective in experiments at sea which favoured long-acting drugs when the motion was frequently mild (Report, 1956) .
Meclozine hydrochloride (Ancolan, Meclizine, Sealegs, Postafene) has also been widely tested. On long journeys it was found effective in doses of 25 or 50 mg. once or twice daily (Report, 1956; Arner et al., 1958) , and, as has been said above, this was partly due to its very long action. 50 mg. of meclozine was significantly less effective against airsickness than 1 mg. of hyoscine hydrobromide (Chinn et al., 1953) but the two drugs were given under conditions which were not exactly the same. Those testing meclozine at sea did not report any undue sideeffects from repeated 50 mg. doses (Report, 1956) , but the makers of this substance consider 25 mg.
to be the safe dose and in that dose, taken one and three-quarter hours before the motion began, meclozine hydrochloride was ineffective (Glaser and McCance, 1959) , whether the subjects-vwre habituated to the motion or not. Even if it was assumed that a better effect might have bee obtained if the drug had been taken many hours before exposure to motion or if a larger dose had been taken (though there is nothing to justify the former assumption and little to justify the latter), it would seem unwise to use meclozine. There are other substances which are certainly effective in doses which are undoubtedly safe and which need not be taken so early that there might be some uncertainty whether rough motion will be met. Moreover, it would seem unwise to take a drug which under some circumstances might continue to have effects even on the next day after the motion had ceased. The fact that meclozine is sold without prescription in this country and that it is advertised to laymen is very disturbing.
All this means that those who fear hyoscine for long exposures would be best advised to use promethazine or cycizine, though there is no clear and statistical evidence against hyoscine and some evidence that it is safe for up to four days. Those who require only mild medication might also find promethazine or cyclizine adequate. Combinations of hyoscine with antihistamine substances appear to offer little advantage (Glaser and Hervey, 1952) and they may interfere with efficiency (Payne and Moore, 1955) .
Nothing has been said so far about the ability of drugs to treat sickness once vomiting has begun, and there is very little controlled experimental evidence about this. As mentioned above, hyoscine hydrobromide 1 mg. gives significant protection when compared with a dummy substance if given five to ten minutes before exposure to sharp wave motion (Glaser and Hervey, 1952) . Absorption might not be equally rapid in a person who is seasick though not vomiting, but this suggests the possibility that hyoscine might be used to treat motion sickness, and there is evidence, indeed, that adequate amounts of this drug are retained if it is taken immediately after a bout of vomiting and if the patient lies down for about one hour (Glaser, 1952) . A preparation containing hyoscine has also been successfully given on long sea journeys, both prophylactically and therapeutically for seventytwo hours (Gruhler, 1955) . Hyoscine happens to be well tolerated by children and it has been successfully given in doses of 0 25 mg. to treat seasick children under three years (Glaser, 1952) . In severe vomiting the drug would have to be given by suppositories or by injection, and some remedies are available in such a form.
Summary
Motion sickness is a reflex which originates from impulses in the vestibular apparatus, chiefly in the utricle. It consists of vomiting and is accompanied by nausea. Severe nausea on its own justifies treatment even in the absence of vomiting. Like all reflexes, motion sickness may be modified by impulses from the cerebral hemispheres, the most important of which are the inhibition of motion sickness by interest in other things, the enhancement of motion sickness by interest in one's symptoms or by anxiety, and the diminution of motion sickness by habituation to wave motion. It follows that some lessening of motion sickness can be achieved by lying down (when vestibular stimulation is the least), by interesting activities, and by habituation to the motion. Since habituation is more rapid when the head is held up, it seems best to lie down until treatment by drugs has taken effect and then to get up in order to allow habituation.
For severe motion at sea or in the air and during exposures lasting not more than a few hours, single doses of hyoscine hydrobromide 0-6-1-2 mg. have invariably been found significantly more effective than any other drug available at present. Such single doses are also accompanied by fewer side-effects than any other drug and by little or no impairment of efficiency, but in the absence of wave motion hyoscine can give rise to more side-effects than other drugs.
Among proprietary remedies promethazine (Phenergan or Avomine) has been effective in single doses and to some extent also cyclizine hydrochloride (Marzine) and diphenhydramine and dimenhydrinate (Benadryl or Dramamine).
When the motion is mild, as happens on large liners, the advantages of hyoscine over other drugs may be less obvious than in the presence of sharp motion. American experiments on troopships were so designed that only longacting drugs could have any effect and in these experiments meclozine hydrochloride 50 mg. (Ancolan, Bonamine, Sealegs, Postafene) which has a very long action was found best, followed by promethazine and cyclizine which are also long-acting drugs. It is difficult to assess the effects of drugs against motion sickness with complete objectivity on long journeys when the motion is comparatively mild, but it seems probable that under such conditions either hyoscine or cyclizine or promethazine might be satisfactory, whereas the balance of evidence now available would make the use of meclozine inadvisable. DISCUSSION Surg. Capt. W. Forbes Guild, R.N. (Portsmouth): I think we can say that Dr. Glaser has effectively taken the subject apart and put it together again. It is salutary for us, in this Section, to hear the truly academic approach, and then find it wedded to the practical. It surprises me, however, to find Dr. Glaser appearing to postulate a separate nerve pathway for nausea. Surely, this feature occurs when there is impediment to the completion of the circuit to initiate vomiting. Impediment further back can then be held to account for the headache which is so often the only symptom of motion sickness. If trials of this nature are to continueand they necessarily involve the use of subjects on repeated occasions of exposure-would it be possible to work out and apply some factor for habituation ?
There is a singular difference in the approach of the two sea-going services towards the allocation of accommodation. The Merchant Navy realizes that the optimum position is amidships, and sites its top accommodation accordingly. In the Royal Navy, the tradition is to subject the Admiral to the maximum linear acceleration by accommodating him right aft. Perhaps this is an unwitting support of Dr. Glaser's contention that increasing age lessens the susceptibility! Major J. M. Adam, R.A.M.C. (London): It becomes clear before one has delved very deeply into the literature on motion sickness that the subject has tended to be bedevilled with a lack of adequate planning in the experimental approach. I should like, therefore, to associate myself with what Dr. Glaser has had to say about planning, and to underline his veiled plea for a clear enunciation of the object and a careful control of the variables in such experiments.
The Army has not been greatly troubled with this problem since the end of the late war. At that time it was fairly common to have 1000% of troops in invasion craft affected by motion sickness. Now, however, with the increased use of aircraft, motion sickness is presenting itself once more in air-trooping and the movement of families by air, and particularly in troops of the strategic reserve, both airborne and parachute. The latter require special attention because of their specialist role as the "spearhead" of an operation, in which their importance may be out of proportion to their strength numerically.
The picture presented by parachute troops is not a clear one, and, although proportions of up to 300% may be affected in flight, the endresult is a combination of tension (before parachute jumping), lack of sleep, inadequate food, and fatigue from last-minute arrangements before emplaning, as well as motion sickness. Further, the side-effects of any remedy given to such troops must not affect the operational efficiencythe ability to land safely, to march long distances or to do battle immediately.
Wing Cdr. P. F. King (London): In the Royal Air Force, the management of motion sickness has to be considered in relation to, (a) aircrew, (b) the transport of airborne troops, and (c) the transport of casualties and passengers.
With aircrew, selection and training are of fundamental importance. Note should be taken of any history of susceptibility to motion sickness. While the labyrinth is the primary organ involved in motion sickness, turning tests, using the Barany chair, are no longer used, as it has been shown that there is no relationship between the results of the Bairany chair test and the incidence of air sickness. Swing testing was first used in Russia in 1926, and much work has been done since then on this equipment-particularly during the 1939/45 War. It does not produce a motion exactly comparable to that inducing air sickness, and has not been adopted.
Air sickness comes early in training, but passes off rapidly as adaptation to the new motion develops. Adaptation is late in those in whom air sickness persists, and persisting pallor and headache after sickness indicate a poor prognosis in this respect.
In the past, there was some belief that air sickness was due to maladjustment to flying conditions, and a manifestation of psychiatric instability-but this is unlikely as animals are subject to motion sickness and under test conditions placebos have little effect. The very small number that fail to adapt are best removed from flying training. There is no place for the treatment of motion sickness by drugs in aircrew.
The transport of men, in whatever capacity, demands preventive measures and remedies in the management of motion sickness. The incidence of motion sickness in airborne troops is believed to be high and Park in 1942 noted an even higher incidence in glider-borne troops.
Casualties and other stretcher cases are frequently sedated, and are no problem. Ground airmen when travelling by air appear relatively immune to air sickness, except in the most turbulent conditions. The value and importance of a light pre-flight meal for aircrew and passengers cannot be overstressed.
Dr. G. Melvinl Jones (Farnborough): Dr. Glaser suggested that motion sickness can be attributed in the main to a reflex originating in the utricular sensing elements of the vestibular apparatus. However, experience in the field of aviation suggests this is perhaps over-simplifying the matter. For example, it is common to experience motion sickness, sometimes severe, when "flying" an aircraft simulator in which the cockpit remains stationary while a projected visual field behaves as it would in real flight. In this instance vision alone can be held responsible since no other sensory channel receives stimulation. Furthermore, one of the most provocative conditions in real flight occurs when exercising repeated rolling manceuvres, as when testing the rolling characteristics of an aeroplane. Here vestibular stimulation occurs, but is largely confined to the rotation sensing elements, namely the semicircular canals, rather than the utricle. In this connexion it is also well known that experiments involving pure rotation, as in a rotating chair, are capable of inducing severe motion sickness after a very short exposure.
Observations such as these tend to support the contention that motion sickness arises when there is conflict between orientation cues derived from different sensing elements, rather than as the result of a simple reflex derived from the utricle, and it would be interesting to hear Dr. Glaser's views on this point.
The President: The problem of motion sickness is of great importance to all the Services, particularly in wartime when it is essential to keep personnel fighting fit during transport and especially on disembarkation, whether from landing craft, gliders or other forms of transport aircraft. In the prevention of motion sickness under such conditions, Dr. Glaser's experiments and observations have shown convincingly that hyoscine hydrobromide still holds pride of place among the anti-motion-sickness drugs available at present. This gives support to the policy of the R.A.F. and the British civil airlines, who have found in practice that hyoscine was and still is the medicament of choice. I feel, however, that cyclizine requires to be investigated further.
The incidence of air sickness among passengers in civil airliners which nowadays fly above or around "bad weather" is no greater on an average than 1 %, though in monsoon conditions the incidence may at times be 10 % or more, if antimotion-sickness drugs have not been given. In troop-carrying aircraft, especially in the case of paratroops prior to a jump, air sickness may affect the majority, but here there is a strong psychological element. It is important to assess not only the anti-vomiting effects of the drugs used, but also to assess their effect on fighting efficiency. Is it not better to let a man be sick and have done with it, than to prevent vomiting and leave him with a nausea hangover?
As regards habituation to motion, it is interesting to nQte that in the R.A.F. during the war some 17 % of trainees were air sick on their first training flight, 4% on their second, and 0 5 % frequently after that, and these had to be taken off flying. These airmen were a selected group submitted to strenuous elimination tests before final selection for training.
Dr. Glaser in reply: Surgeon Captain Forbes Guild was certainly right in suggesting that a "habituation factor" might be useful, but we still know too little about habituation even to predict whether such a factor could be obtained. I am grateful to Major Adam for stressing the importance of properly conducted experiments, since badly conducted ones are continually being quoted in support of unsatisfactory drugs. I was interested also by his remark that so many paratroops are sick before jumping, but I suspect that fewer men would be affected if they were given 0-6 to 1-0 mg. of hyoscine hydrobromide one hour before take-off, while their efficiency would not be impaired by this.
I tried to avoid saying too much about nervous mechanisms in motion sickness, but Surgeon Captain Forbes Guild may be right in what he said about nausea. Yet, I should have thought that relaxation of the stomach might explain nausea, as it is the first stage of the reflex response and it begins before there is any vomiting. I am glad that Dr. Melville-Jones drew attention to impulses arising elsewhere than in the utricle and I might add that the response can be reinforced by further stimuli from muscle proprioceptors, the olfactory epithelium, and perhaps also by visceroceptors. Impulses originating in the brain itself must have both facilitatory and inhibitory influences, though I agree with Wing Commander King that the importance of psychological factors can be exaggerated. One central nervous factor which is often disregarded is that, in the absence of a conditioned reflex, the stimuli for motion sickness must always be present for a time of the order of minutes and sometimes of the order of hours before a response can take place. This means that an immense amount of sensory information must be stored by the brain before nausea or vomiting can begin. The interruption of reverberating neuronal circuits which store information may indeed be the process by which drugs and habituation prevent motion sickness.
I am glad that the question was asked by Colonel Grey Turner about dangling a chain from a motor car. This will certainly reduce static electricity in the car, but whether it will prevent motion sickness is another question. Yet, if vitriol and red herrings have been successful, why not a chain? 972
